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(571 ABSTRACT

Alkanediphosphonic acids, in particular heteroarylalk-
anediphosphonic acids of formula

PO3H; ()]
R(—-CH:'-'?-'Rz,
PO3H;

wherein Rj is a 5-membered heteroaryl radical which
may be fused with benzene or cyclohexene nuclei and
which contains, as hetero atoms, 2 to 4 N-atoms or  or
2 N-atoms as well as 1 O- or S-atom, and which is un-
substituted or C-substituted by lower alkyl, phenyl or
phenyl which is substituted by lower alkyl, lower alk-
oxy and/or halogem, or by lower alkoxy, hydroxy, di-
lower alkylamiso, lower alkylthio and/or halogen, and-
/or is N-substituted at a N-atom which is capable of
substitution by lower alkyl, lower alkoxy and/or halo-
gen, and Ry is hydrogen, hydroxy, amino, lower alkyl-
thio or halogen, and salts thereof, have regulatory ac-
tion on calcium metabolism and can be used as medica-
ments for the treatrnent of diseases associated with im-
pairment of calcium metabolism. The compounds are
obtained for example by converting, is a compound of
formula

i ™
R;—CH:*"(E-'R:.
X2
wherein X1 is a functionally modified phosphono group
and X3 is a free or functionally modified phosphono

group, X; and, if appropriate X3, into the free phos-
phono group.

% Claims, No Drawings
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SUBSTITUTED ALEANEDIPHOSPHONIC ACIDS
AND PHARMACEUTICAL USE

This is a Continwation-in-Part-Application of our
patent application Ser. No. 07/120,284, filed November
13, 1987, now abandoned.

The present invention relates to novel substituted
alkanediphosphonic acids, in particular to heteroary-
lalkanediphosphonic acids of formula

PO3H;
RI“CHz'*t;-"'Rz,
PO1H,

@

wherein Ry is a 5-membered heteroaryl radical which
contains, as hetero atoms, 2 to 4 N-atoms or 1 or 2
Ni-atoms as well as 1 O- or S-atom, and which is unsub-
stituted or C-substituted by lower alkyl, phenyl or
phenyl which is substituted by lower alkyl, lower alk.
oxy and/or halogen, or by lower alkoxy, hydroxy, di-
lower alkylamino, lower alkylthio and/or halogen, and-

5
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15

/or is N-substituted at a2 N-atom which is capable of 15

substitution by lower alkyl, lower alkoxy and/or halo-
gen, and R; is hydrogen, hydroxy, amino, lower alkyl-
thio or halogen, and 10 the saits thereof, to the prepara-
tion of said compounds, to pharmaceutical composi-
tions containing them, and to the use thereof as medica-
mients.

Examples of S-membered heteroary! radicals contain-
ing 2 to 4 N-atoms or | or 2 N-atoms as well a3 1 O-or
S-atom as hetero atoms are: imidazolyl, e.g. imidazol-
f-yl, imidazol-2-yl or imidazol-4-yl, pyrazolyl, e.g.
pyrazol-1-yl or pyrazol-3-yl, thiazolyl, e.g. thiazol-2-yl
or thiazol-4-yl, or, less preferably, oxazolyl, e.g. oxazol-
2-yl or oxazol-4-yl, isoxazolyl, e.g. isooxazol-3-yl or
isooxazol-4-yl, triazalyl, ¢.g. 1H-1,2,4-triazol-1-yi, 4H-
1,2,4-triazol-3-yl or 4H-1,2,4-triazol-4-yl or 2H-1,2,3-
triazol-4-yl, tetrazolyl, e.g. tetrazol-5-yl, thiadiazolyl,
e.g. 1,2,5-thiadazol-3-yl, and oxdiazolyl, eg. 1,34
oxadiazol-2-yl. These radicals may contain one or more
identical or different, preferably one or two ideatical or
different, substituents selected from the group men-
tioned at the outset. Radicals R, unsubstituted or sub-
stituted as indicated, are ¢.g. imidazol-2-yl or imidazol-
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4-yl radicals which are unsubstituted or C-substituted -

by phenyl or phenyl which is substituted as indicated, or
which are C. or N-substituted by Ci~Cyalkyl, e.g.
methyl, and are typically imidazol-2-yl, 1-Ci~Cqalk-
ylimidazol-2-yl such as I-methylimidazol-2-yl, or 2~ or
5-Ci~Cyalkylimidazol-4-yl such as 2o or 5
meethylimidazol-4-yl, unsubstituted thiszolyl radicals,
e.g. thiazol-2-yl, or |H-1,2,4-triazol radicals, unsubsti-
tuted or substituted by Ci-Cqalkyl such as methyl, e.g.
1-C~Caaikyl-1H-1,2 4-triazol-5-yl such as l-methyl-
1H-1,2,4-triazol-5-yl, or imidazol-1-yl, pyrazolyl-1-yl,
1H-1,2,4-triazol-1-yl, 4H-1,2,4-triazol-4-yl or tetrazol-
-yl radicals, unsubstituted or C-substituted by phenyl
or phenyl which is substituted as indicated or by C;-C-
4alkyl such as methyl, for example imidazol-1-yl, 2-, 4-
or 5-Ci~Cealkylimidazol-1-yl such as 2-, 4 or 5-
micthylimidazol-1-yl, pyrazol-1-yl, 3- or 4-C~Csalkyl-
pyrazol-1-yl such as 3- or 4-methylpyrazol-1-yi, 1H-
1,2, 4-tetrazol-1-yl, 3-Ci~Cialkyl-1H-1,24-triazol-1-yl
suach as 3-methyi-1H-1,2,4-triazol-1-yl, 4H-1,2,4-triazol-
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-y, 3-C1-Cyalkyl-4H-1,2 4-triazol-4-yl such as 3-meth-
yl-4H-1,2,4-triazol-4-yl or 1H-1,2,4-tetrazol-1-yl

Radicals and compounds hereinafter qualified by the
term “lower” will be understood as meaning typically
those containing up to 7 carbon atoms inclusive, prefer-
ably up to 4 carbom atoms inclusive. The general terms
have for example the following meanings:

Lower alkyl is for example Ci-Cyalkyl such as
methyl, ethyl, propyl or butyl, and also isobutyl, sec-
butyl or tert-butyl, and may further be Cs-Cralkyl such
as pentyl, hexyl or heptyl.

Phenyl-lower alkyl is for example phenyl-Ci~Cqal-
kyl, preferably 1-phenyl-Ci~Cqalkyl such as benzyl.

Lower alkoxy is for example C(-Csalkoxy such as
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobu-
toxy, sec-butoxy or tert-butoxy.

Di-lower alkylamino is for example di-C;~Casalk-
ylamino such as dimethylamino, diethrlamino, N-ethyl-
N-methylamino, dipropylamino, N-methyl-N-
propylamino or dibutylamino.

Lower alkylthio is for example C-Cualkylthio such
as methylthio, ethylthio, propylthio or butylthio, and
also isobutylthio, sec-butylthio or tertbutylthio.

Halogen is for example halogen having an atomic
number of up to 35 inclusive, such as Tuorine, chlorine
or bromine.

Salts of compounds of formaula I are in particular the
salts thereof with pharmaceutically acceptable bases,
such as non-toxic metal salts derived from metals of
groups Ia, Ib, Ha and TIb, ¢.g: alkali metal salts, prefera-
bly sodium or potassium salts; alkaline earth metal salts,
preferably calcium or magnesium salts, copper, alumin-
ium or zinc salts, and also ammoniom salts with ammo-
nia or organic amines or quaternary ammonium bases
such as free or C-hydroxylated aliphatic amines, prefer-
ably mono-, di- or tri-lower alkylamines, e.g. methyl-
amine, ethylamine, dimethylamine or diethylamine,
mono-, di- or tri(hydroxy-lower alkyDamines such as
ethanolamine, diethanolamine or triethanolamine, tris(-
hydroxymethylaminomethane or 2-hydroxy-tert-
butylamine, or N-Chydroxy-lower atkyl)-N,N-di-lower
alkylamines or N-{polyhydroxy-lower alkyl)-N-lower
alkylamines such as 2-(dimethylamino)ethanol or D-
glucamine, or quaternary aliphatic ammonium hydrox-
ides, e.g. with tetrabutylammonium hydroxide.

In this connection it should also be mentioned that
the compounds of formula I may also be obtained in the
form of inner salts, provided the group R, is sufficiently
basic. These compounds can therefore also be con-
verted. into the corresponding acid addition salts by
treatment with a strong protic acid such as a hydrohalic
acid, sulfuric acid, sulfonic acid, e.g. methanesulfonic
acid or p-toluenesulfonic acid, or sulfamic acid, e.g.
N-cyclohexylsulfamic acid.

The compounds of formula I and salts thereof have
valuable pharmacological properties. In particular, they
have a pronounced regulatory action on the calcium
metabolism of warm-blooded animak. Most particu-
larly, they effect a marked inhibition of bone resorption
in rats, as can be demonstrated in the experimental pro-
cedure described in Acta Endrocinol. 78, 613-24 (1975),
by means of the PTH-induced incresse in the serum
calcium level after subcutaneous administration of doses
in the range from about 0.01 to 1.0 mg/kg, as well as in
the TPTX (thyroparathyroidectomised) rat model by
means of hypercalcaemie induced by vitamin Ds after
subcutaneous administration of a dose of about 0.0003 to
1.0 mg. Tumor calcaemia induced by Walker 256 tu-
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mors is likewise inhibited after peroral administration of
about 1.0 to 100 mg/kg. In addition, when administered
subcutaneously in a dosage of about 0.001 to 1.0 mg/kg
in the experimental procedure according to Newbould,
Brit. J. Pharmacology 21, 127 (1963), and according to 5
Kaibara et al,, J. Exp. Med. 159, 1388-96 (1984), the
compounds of formuk 1 and salts thereof effect a
marked inhibition of the progression of arthritic condi-
tions in rats with adjuvant arthritis. They are therefore
emimently suitable for use as medicaments for the treat-
ment of diseases which are associated with impairment
of calcium metabolism, for example inflammatory con-
ditions in joints, degenerative processes in articular
cartilege, of osteoporesis, periodontitis, hyperparathy-
roidism, and of calcivm deposits in blood vessels or
prothetic implants. Favourable results are also achieved
in the treatment of dissases in which an abnormal de-
posit of poorly soluble calcium sailts is observed, as in
arthritic discases, e.g. ancylosing spondilitis, neuritis,
bursitis, periodontitis and tendinitis, fibrodysplasia, os-
teoarthrosis or arteriosclerosis, as well as those in which
an abnormal decomposition of hard body tissue is the
principal symptom, e.g. heriditary hypophosphatasia,
degenerative states of articular cartilege, osteoporosis
of different provenance, Paget's disease and osteodys-
trophia fibrosa, and also osteolytic conditions induced
by tumors.

The invention relates in particular to compounds of
formula I, wherein Ryis an imidazolyl, pyrazolyl, 2H-
1,2,3-triazolyl, 1H-1,24-triazolyl or 4H-1,2,4-triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl
or thiadiazolyl radical which is unsubstituted or C-sub-
stituted by one or two members selected from lower
alkyl, lower alkoxy, phenyl or phenyl which is in turn
substituted by one or two members selected from lower
alkyl, lower alkoxy and/or halogen, hydroxy, di-lower
alkylamino, lower alkylthio and/or halogen, and/or is
N-substituted at a N-atom which is capable of substitu-
tion by lower alkyl o phenyl-lower alkyl which is
unsubstituted or substituted by one or two members 40
selected from lower akyl, lower alkoxy and/or halo-
gen; and Rz is hydrogen, hydroxy, amino, lower alkyl-
thio or halogen, and sclts thereof, especially the inner
salts and pharmaceutically acceptable salts thereof with
bases.

0
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The invention related more particularly for example

to compounds of formula I, wherein Ryis an imidazolyl,
pyrazolyl, 2H-1,2,3-triazolyl or 4H-1,2 4-triazolyl, te-
trazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl or
thiadiazolyl radical which is unsubstituted or C-sub-
stituted by one or two members selected from lower
alkyl, lower alkoxy, phenyl or phenyl which is in turn
substituted by one or two members selected from lower
alkyl, lower alkoxy and/or halogen, hydroxy, di-lower
alkylamino, lower alkyithio and/or halogen, and/or is
N-substituted at a N-atom which is capable of substitu-
tion by lower alkyl or phenyl-lower alkyl which is
unsubstituted or substituted by one or two members
selected from lower alkyl, lower alkoxy and/or halo-
gen; and Rj is hydrogen, hydroxy, amino, lower alkyl-
thio or halogen, and selts thereof, especially the inner
salts and pharmaceuticzlly acceptable salts thereof with
bases.

The invention relates most particularly to compounds
of formula I, wherein Ry is an imidazolyl radical, such
as irnidazol-1-yl, imidazol-2-yl or imidazol-4-yl, a 4H-
1,2,4-triazolyl radical such as 4H-1,2,4-triazol-4-yl, or a
thiazolyl radical such s thiazol-2-yl, which radical is
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unsubstituted or C-substituted by one or two members
selected from C;~Cqyalkyl such as methyl, Ci-Cealkoxy
such as methoxy, phenyl, hydroxy, di-Ci~Cialkylamino
such as dimethylamino or diethylamino, C~Cealkylthio
such as methylthio, and/or halogen having an atomic
number up to 35 inclusive such as chlorine, and/or is
N-substituted at a N-atom which is capable of substitu-
tion by C;~Caalkyl such as methyl, or phenyl-Cy-Caal-
kyl such as benzyl; and R;is preferably dydroxy or, less
preferably, hydrogen or amino, and salts thereof, espe-
cially the inner salts and pharmaceutically acceptable
salts thereof with bases.

The invention preferably relates on the one hand to
compound of formula I, wherein R; is an imidazol-2- or
4-yl radical which is unsubstituted or C-substituted by
phenyl or C- or N-substituted by C;-Caalkyl such as
methyl, e.g. imidszol-2-yl, 1.C;~Caalkylimidazol-2-yl
such as l-methylimidazol-2-yl, or 2- or 5-Ci~Caalk-
ylimidazol-4-yl such as 2- or S-methylimidazol-4-y}, or
is an unsubstituted thdiazolyl radical, e.g. thiszol-2-yl, or
is a 1H-1,2,4-triazoly] radical which is unsubstituted or

-substituted by Ci-Caalkyl such as methyl, e.g. 1C~C-

«alkyl-1H-1,2 4-triaz0l-5-yl such as l-methyl-1H-1,2,4-
trinzol-5-yl, and R is hydroxy or, less preferably, hy-
drogen, and salts, especially pharmacestically accept-
sble salts, thereof.

The invention preferably relates on the other hand to
compounds of formula I, wherein R is an imidazol-1-yl,
pyrazol-1-yl, 1H-1,2,4-triazol-1-yl, 4H-124-triazol-4-yl
or tetrazol-1-y1 radical which is unsubstituted or C-sub-
stituted by phenyl or Ci~Caalkyl such as methyl, e.g.
imidazol-1-yl, 2-, 4 or 5-Ci~Caalkylimidazol-1-yl such
as 2-, 4 or S-methylimidazol-1-yl, pyrazol-1-yl, 3- or
4-Ci~Caalkylpyrazol-1-yl such as 3- or 4methyl-
pyrazol-f-yl, 1H-1,2,4-tetrazol-1-yl, 3-C)-Cialkyl-1H-
1,2,4-triazol-1-yl such as 3-methyl-1H-1,2,4-triazol-1-yl,
4H-1,2,4-triazol-1-yl,  3-C|~Cuslkyl-4H-1,2,4-triazol-
4-yl such as 3-methyl-4H-1,2,4-triazol-4-yl or 1H-tet-
razol-1-yl, and Rz is hydroxy or, less preferably, hydro-
gen, and saits, especially pharmaceutically acceptable
salts, thereof.

The invention relates first and foremost to com-
pounds of formula I, wherein R is an imidazolyl radical
which is unsubstifuted or substituted by C;~Cialkyl
such as methyl, e.g. imidazol-l.yl, imidazol-2-y], 1-
methylimidazol-2-yl, imidazol<4-yl o 2- or S5-
methylimidazol-4-yl, and R; is hydroxy or, less prefera-
bly, hydrogen, and salts, especially pharmaceutically
acceptable salts, thereof.

The invention relates specifically to the compounds
of formula I and the salts thereof, especially the inner
salts and pharmaceutically acceptable salts thereof with
bases mentioned in the Examples,

The invention further relates to a process based on
per s¢ known methods for the preparation of com-
pounds of formula I and salts thereof, which process
comprises
(2) in a compound of formuia

Xy
Ri"“CHI"'?”" Ry,
T %

an

wherein X is a functionally modified phosphono group
and X3 is a free or functionally modified phosphono
group, which compound may be temponrily protected
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at a N-atom of the radical Ry which is capable of substi-

tution, converting X; and, if appropriate X3, into the

free phosphono groap; or -

(b) reacting & compound of formula

Ry—CHz—~X3 a,
wherein X3 is a carboxy, carbamyl, imino ether, imino
ester or cyano group, which compound may be tempo-
rarily protected at a N-atom of the radical R; which is
capable of substitution, with phosphorous acid and
phosphorus trichloride, and where a start is made from

& compound of formula I, wherein X; is a carbamyl,

imino ether, imino ester or cyano group, the subsequent

hydroiysxs yields a compound of formula I, wherein Ry
is amino, and, if desired, converting a resultant com-

‘pound into another compound of formula I and/or a

resultant free compound into a salt or a resultant salt

into the free compound or into another salt.

In process variant (3), functionally modified phosphono
groups to be converted into phosphono are for exam-
ple in ester form, preferably in a diester form of for-
mula —PE=OXOR); (IV), wherein OR is e.g. lower
alkoxy or a phenoxy group which is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen,
mﬁuommethyl asd/or hydroxy.

The conversion of a functionally modified phos-
phono group into the free phosphono group is effected
in conventional manner by hydrolysis, for example in
the presence of a mineral acid such as hydrobromic
acid, hydrochloric scid or sulfuric acid, or by reaction
with a tri-lower alkylhalosilane, e.g. with trimethyl-
chlorosilane in the presence of sodium iodide, or prefer-
ably with trimethylibdosilane or trimethylbromosilane,
preferably with codling, .g. in the temperature range
firom about 0" to 25° C.

The starting materials of formula II, wherein Ry is
hydroxy or amino, can be prepared for example by
reacting a compound of formula

Ry—CHa—COOH (ls)

or preferably the nitrile or acid chloride thereof, with a

suitable triphosphite of formula P(OR); (IIb), wherein

Rise.g. lower alkyl, in the presence of a tri-lower alkyl-

amine, e.g. triethylamine, to give an mtcrmcdmte, pre-

sumably a compound of formula

OR
R;-cxiz—g—-%«-on (Hic; Ry’ = oxo, imino)
Ry O ’
and subsequently reacting said compound with a di-
phosphite of formuls H—P(==0XOR); (I1d) or P(OH)-
(OR); (Hle), wherein R is e.g. lower alkyl, in the pres-
ence of a di-lower dkylamine, e.g. diethylamine, or of

an alkali metal lower alkanolate, e.g. sodium methano-
late, to the correspanding compound of formula

R
O==P-Ok
Ry=—CHy~C—Ry"
O=pP—~0R

-OR

(1If; Ry"” = hydroxy, amino)
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Compounds of formula Ila are obtained for example by
converting a suitable compound of formula

R;~CHs {ilia)
with a strong base, for example one of the metal bases
mentioned in process variant (a), into the carbeniate
salt, and reacting said salt with carbon dioxide, or by
converting a compound of formula

Rj~—~CHp—Y {Hg)
wherein Y is reactive esterified hydroxy, preferably
halogen suchi as bromine, with an alkali metal cyanide,
e.g. with sodium or potassiom cyanide, into the corre-
sponding nitrile (IIg; Y=CN), and hydrolysing the
nitrile to the acid, preferably under basic conditions.

Starting materials II, wherein Rj is hydrogen, are

obtained for example by rescting a compound of for-
mula

Ri—~CHy—Y (lg)
wherein Y is reactive esterified hydroxy, preferably
halogen such as bromine, in the presence of a metal base
such as the hydride, an amide or a hydrocarbon com-
pound of an alkali metal, ¢.g. sodium hydride, sodium
amide, ditrimethyilsilyl sodium amide or buty! lithium,
with a methane diphosphonate, e.g. of formula

OR
0"-—-‘1%"'0!{
Sy
O==p—0R,
OR

(Ilh)

wherein R is for example lower alkyl.

Starting materials of formula II, wherein the radical
R is bound through a N-atom and Rj is hydrogen or
hydroxy, can also be prepared by reacting an appropri-
ate compound of formula

Ry—H (I3
in the presence of a strong metal base such as an alkali
metal hydride or .an alkaline earth metal hydride, e.g.
sodium hydride, with a compound of formuian

Xy

X1
{ /N
CH==C~~X3 (IIjI) bzw, CHyw~==C

12),
X2

wherein X and X3 are preferably groups of formula I'V.

Compounds.of formula II, wherein Ry is lower alkyl-
thio or halogen, can be prepared for example starting
from the correspording compounds II, wherein R; is
hydrogen, by conwverting these with a strong base, e.g.
one of those mentioned above, into the carbeniate salt
and subsequently reacting said salt with a lower alkyl-
thio donor, for example a di-lower alkyl disulfide or a
lower alkanesulfeny! chioride, or with a halogen donor,
for example a hallogen such as chlorine or bromine,
perchloryl fluoride (FC103) or the lite.

In starting materials of formula III for process variant
(b), imino ether and imino ester groups are for example
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those of formula —C{=NH}-X3' (III"), wherein Xy’ is
etherified or esterified hydroxy such as lower alkoxy, a
phenoxy group, lower alkanoyloxy, a beazoyloxy
group or 3 halogen atom, e.g. a chlorine atom. Com-
pounds of formula III, wherein X3 is a group of formula
IIT', can also be in the form of salts such as mineral acid
salts, e.g. hydrohalides.

The reaction of compounds of formula ITI with phos- -

phorous acid and phosphorus trichloride is carried out
in conventional manner, such that the phosphorous acid
component is preferably formed in situ by reacting
excess phosphorus trickloride with aqueous phosphoric
acid, e.g. with commercial phosphoric acid having a
strength of about 75 to 95%, preferably of about 85%.
The reaction is converiently carried out with heating,
e.g. in the temperature range from about 70° to 120" C,,
in a suitable solvent such as tetrachioroethane, trichlo-
rocthane, chiorobenzene, chlorotoluene or paraffin oil,
and with working up by hydrolysis.

The starting materials of formula I, if not known,
can be prepared for example by converting an appropri-
ate compound of formula

Ry—CH3 (1In)
witht a strong base, for example with one of the metal
bases mentioned in procéss variant (g), into the carbeni-
ate salt and reacting said salt with carbon dioxide or
with a compound of formula Y.X3 (IIIb), wherein Y is
halogen such as chlorice or bromine, e.g. with a carba-
myl halide, imino ether halide or, preferably, with a
cyanogen halide such ss cyanogen chioride.

For the temporary protection of a N-stom of the
radical Ry which is capable of substitution there may be
suitably employed the customary N-protective groups
and methods of introducing and removing same, for
example di-lower alkorymethyl groups such as dime-
thoxymethyl, which can be removed by treatment with
an aeid, and 2,2,2-trihaloethoxycarbony! radicals such
as 2,2,2-triiodo-, 2,2,2-tdbromo- or 2,2,2-trichloroethox-
ycarbonyl radicals, which may be removed for example
by treatment with zinc in acetic acid, a-phenyl-lower
alkoxycarbonyl radicals such as carbobenzoxy or trityl,
which can be removed for example by catalytic hydro-
genation, as well as lower alkanesulfonyl groups such as
methanesulfonyl, which can be removed for example by
treatment with bis(2-methoxyethoxy) sodium alumin-
ium hydride; and also a-phenylalkyl or alkyl groups,
the xemoval of which will be discussed below.

Compounds of formula I obtained by the process of
this invention or by other per se known processes can

20
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be converted into other compounds of formula Iin 2 -

manmner known per se.

Thus, for example, compounds of formula 1, wherein
R is amino, can be converted by treatment with nitrous
acid into the corresponding compounds of formula I,
wherein Rz is hydroxy. The treatment with nitrous acid
is effected in coaventional manner with formation of

same in-aqueous solution from a salt thereof, ¢.g. from

sodium nitrite, by treatment with an acid, e.g. hydro-
chloric acid, to form a corresponding unstable diazo-
nium salt as intermediate, e.g. diszonium chioride,
which splits off nitrogen upon introduction of the a-
hydroxy group.

In: compounds of formula I, wherein the radical Ry is
N-suabstituted by lower alkyl or by phenyl-lower alkyl
which is unsubstituted or substituted by lower alkyl,
lower alkoxy and/or halogen, it is also possible to re-
movie the N-sustituent: lower alkyl for example by treat.

55

60
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ment with a haloformate such as a lower alkyl bromo-
formate or lower alkylchloroformate, and subsequent
hydrolysis of the resuitant carbamate, and a-pbenyl-
lower alkyl radicals by hydrogenolysis, e.g. treatment
with hydrogen in the presence of a hydrogenation cata-
lyst, e.g- palladium om carbon and/or platinum oxide, or
by reduction with a metal, ¢.g. treatment with an alkali
metal in ammonia.

Free compounds of formuls I, including the inner
salts thereof of formuls I, can be converted into basic
salts by partial or complete neutralisation with one of
the bases mentioned &t the outset. In similar manner, it
is also possible to convert acid addition salts into the
corresponding free compounds or their inner salts.

Conversely, free compounds of formula I can be
converted into acid addition salts of formula I" by treat-
ment with one of the protic acids mentioned at the
outset,

Salts can be converted in 2 manner known per se into
the free compounds, for example by trestment with an
acid reagent such as a minera! acid, or a base, ¢.g. an
alkali metal hydroxide solution.

The compounds, including their salis, can also be
obtsined in the form of hydrates or may contain the
solvent used for crystallisation in their crystal structure.

Because of the close relationship between the novel
compounds in the free form and in the form of their
salts, the references made throughout this specification
to the free compounds and their salts also apply by
analogy to the corresponding saits and free compounds.

The invention also relates to those embodiments of
the process in which & compound obtainsble as interme-
diate at any stage of the process is used as starting mate-
risl and the remaining steps are carried out, or & starting
material is used in the form of a salt or, preferably, is
formed under the reaction conditions.

In the process of this invention it is preferred to use
those starting materials that result in the compounds
described at the outset as being especially preferred.
Novel starting materials and processes for the prepara-
tion thereof likewise constitute further objects of the
invention.

The pharmaceutical compositions which contain the
compounds of formula I, or pharmaceutically accept-
able non-toxic salts thereof, are those forenteral such as
oral, or rectal and parenteral, administration to warm-
blooded animals, the pharmacological active ingredient
being present alone or together with a pharmaceutically
suitable carrier.

The novel pharmaceutical compositions contain e.g.
from about 10 to 80%, preferably from about 20 to 60%,
of the active ingredient. Pharmaceutical compositions
for enteral or parenteral sdministration are e.g. those in
dosage unit forms such as dragées, tablets, capsules or
suppositories, as well as ampoules, These pharmaceuti-
cal compositions are prepared in 8 manner known per
se, for example by conventional mixing, granulating,
confectioning, dissolving or lyophilising methods. For
example, pharmaceutical compositions for oral adminis-
tration can be obtained by combining theactive ingredi-
ent with solid carriers, optionslly granulating a result-
ing mixture and processing the mixture or granulate, if
desired or necessary after the addition of suitable excipi-
ents, to tablets or dragée cores.

Suitable carriers are in particular fillers such as sugar,
for example lactose, saccharose, mannitol or sorbitol,
cellulose preparations and/or calcium phosphates, e.g.



4,939,130

9

tricalcium phosphate or calcium biphosphate, and also
binders such as starch pastes, ¢.g. maize, com, rice or
potato starch, gelatin, tragacanth, methyl cellslose and-
/or polyvinylpyrrolidone, and/or, if desired, disintegra-
tors, such as the abovementioned starches, also car-
boxymethyl starch, crosslinked polyvinylpyrrolidone,
agar, alginic acid or a salt thereof such as sodium algi-
nate. Excipients are in particular glidants and lubricants,
for example silica, talcum, stearic acid or salts thereof
such as magnesium stearate or calcium stearate, and/or
polyethylene glycol. Dragée cores are provided with
suitable coatings which can be resistant to gastric juices,
using inter alia concentrated sugar solutions which may
contain gum arabic, taleum, polyvinylpyrrolidone,
polyethylene glycol and/or titanium dioxide, shellac
solutions in suitable organic solvents or mixtures of
solvents or, for the preparation of coatings which are
resistant to gastric juices, solutions of suitable cellulose
preparations such as acetyl cellulose phthalate or hy-
droxypropyl methyl cellulose phthalate. Dyes or pig-
ments can be added to the tablets or dragée coatings, for
example to identify or indicate different doses of active
ingredient.

Further pharmaceutical compositions for oral admin-
istration are dry-filled capsules made of gelatin and also
soft sealed capsules consisting of gelatin and a plasti-
ciser such as glycerol or sorbitol. The dry-filled cap-
sules can contain the active ingredient in the form of
granules, for exampl in admixture with fillers such as
lactose, binders suchas starches, and/or glidants such as
talcum or magnesium stearate, and optionally stabilis-
ers. In soft capsules, the active ingredient is preferably
dissolved or suspended in a suitable liquid, such as a
fatty oil, paraffin oil or a liquid polyethylene glycol, to
wrhich a stabiliser can also be added.

Suitable pharmacentical compositions for rectal ad-
ministration are e.g. suppositories, which consist of a
combination of the active ingredient with a suppository
base. Examples of suitable suppository bases are natural
or synthetic triglycerides, paraffin hydrocarbons, poly-
ethylene glycols and higher alkanols. It is also possible
to use gelatin rectal capsules which contain & combina-
tion of the active ingredient with a base material. Suit-
able base materials ate e.g. liquid triglycerides, polyeth-
ylene glycols and paraffin hydrocarbons.

Particularly suitable dosage forms for parenteral ad-
ministration are aqueous solutions of an active ingredi-
ent in water-soluble form, for example a water-soluble
salt, and also suspensions of the active ingredient, such
as corresponding oily injection suspensions, for which
there are used suitable lipophilic solvents or vehicles
such as fatty oils, for example sesame oil, or synthetic
fatty acid esters, for cxample ethyl oleate or triglycer-
ides, or agueous mmtm suspexmcm which contain
substances which increase the , for example
sodium carboxymethyl cellulose, sorbitol and/or dex-
tran, and optionally slso stabilisers.

The present invention also relates to the use of the
compounds of formula I and salts thereof preferably for
the treatment of infliammatory conditions, primarily to
diseases associated with impairment of calcium metabo-
lism, e.g. rheumatic diseases and, in particular, os-
teoporoses.

Doses below 0.001 mg/kg of body wexgizt affect
pathological sclerosis and the decomposition of hard
. tissue only insignificantly. Long-term toxic side-effects
may occur at doses of over 100 mg/kg of body weight.
The compounds of formula I and salts thereof can be
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administered orally, as well as subcutaneously, intra-
muscularly or intravenously in hypertonic solution.
Preferred daily doses are, for oral administration, in the
range from about 0.1 to 5 mg/kg, for subcutaneous and
intramuscular administration in the range from about
0.1 to 1 mg/kg and, for intravenous administration, in
the range from about 0,01, to 2 mg/kg.

The dosage of the compounds of formula I and salts
thereof is, however, variable and depends on the respec-
tive conditions such as the nature and severity of the
illness, the duration of treatment and on the respective
compound. Single doses contain for example from 0.01
to 10 mg; dosage unit form for parenteral, ¢.g. intrave-
nous, administration contain e.g. from 0.01 to 0.1 mg,
preferably from 0.02 to 0.08 mg; and oral dosage unit
forms contsin e.g. from 0.2 to 2.5 mg, preferably from
0.3 to 1.5 mg per kg of body weight. The preferred
single dose for oral administration is from 10 to 100 mg
and, for intravenous administration, from 0.5 to S mg. It
is, however, possible to administer up to four single
doses daily. The higher doses for oral administration are
necessary on account of the limited absorption. In pro-
longed treatment, the dosage can normally be reduced
to a lower level after an initially higher dosage in order
to maintain the desired effect.

The following Examples illustrate the invention with-
out in any way limiting the scope thereof.

EXAMPLE 1

With stirring and under reflux, 8.6 g (0.053 mole) of
imidazol-4-ylacetic acid hydrochloride, 7.1 ml of 85%
phosphoric acid and 25 ml of chlorobenzene are heated
to 100° C. Then 13.9 m! of phosphorus trichloride are
added dropwise at 100" C., whereupor evolution of gas
occurs. Over the course of 30 minutes a dense mass
precipitates from the reaction mixture. The batch is
heated for 3 hours to 100" C. and the supernatant chlo-
robenzene is removed by decantation. With stirring and
under reflux, the residual viscous mass is heated to the
boil for 3 hours with 40 ml of 9N hydrochlorc acid.
The batch is filtered hot with the addition of carbon and
the filtrate is diluted with acetone, whereupon the crude
2-(imidazol-4-yl}-1-hydroxy-ethane- 1, l-diphosphonic
acid precipitates. This product is recrystallised from
water. Melting point: 238"-240° C. (dec.).

EXAMPLE 2
Reaction of 1-methylimidazol-2-ylmethyl bromide,
benzylimidazol-2-ylmethyl  chloride, (imidazol-1-

methyl)toluenesulfonate, imidazol-4-ylmethyl chloride

- and thiazolyl-2-ylmethyl bromide with tetraethyl me-

55

65

thanediphosphonate and hydrolysis of the resultant
primary ethanediphosphonates in accordance with Ex-
ample 9 or 12 also gives 2-(l-methylimidazol-2-ylje-
thane-1,1-diphosphonic acid, m.p. 29%° C. (dec.); 2-(1-
benzylimidazol-2-y1)ethane-1,1-diphosphonic acid
monchydrate, m.p. 181°-183" C,; 2-(imidazol-1-yl)e-
thane-1,1-diphosphonic acid, m.p. 255° C. (dec.); 2-
(imidazol-4-yl)ethame-1,1-diphosphonic acid, and 2-
(thiazol-2-yl)ethane-1,1-diphosphonic acid, m.p. 259° C.
(dec.), and salts thereof, e.g. disodinm salts.

EXAMPLE 3

The procedure of Example 1 is repeated, starting
from l-methylimidiazol-2-acetic acid hydrochloride, to
give  2-(1-methylimidazol-2-yl)-1-hydroxyethane-1,1-
diphosphonic acid monohydrate, m.p. 261° C. (dec.).
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The starting material can be prepared as follows: 0.5
g (0.032 mole) of l-methyl-2-cyanomethylimidazole
hydrochloride, 15 ml of glacial acetic and 15 ml of 36%
hydrochlorid acid are heated for 24 hours to the boil
under reflux. The reaction mixture is then evaporated to 5
dryness under reduced pressure and the residue is taken
up im 30 ml of hot glacial acetic acid and undissoived
ammonium chloride is removed by filtration. The fil-
trate is concentrated by evaporation and the residue is
taken up in acetone, affording 1-methyl-2-carboxyme-
thylimidazole hydrochloride, m.p. 163°-164* C.

EXAMPLE 4

The procedure of Example 1 is repeated, starting
from 4{5)-methylimidazol-5(4)-acetic acid hydrochlo-
ride, to give 2-[4(5)-methylimidazol-5(4)-yl}-1-hydrox-
yethane-1,1-diphosphonic  acid, m.p. 217*-218* C.
(dec.). The starting 4(5)-methylimidazol-5(4)-acetic
acid hydrochlroide can be obtained in a manner similar
to thiat described in Example 3.

EXAMPLE 5

The procedure of Example 1 is repeated, starting
from: 1-benzylimidazol-l-acetic acid hydrochloride and
1-methylimidazol-2-acetic acid hydrochloride, to give
respectively 2+(1-benzylimidazol-2-y1)-1-hydroxye-
thane-1,1-diphosphonic acid of m.p. 171° C. (dec.), and
2-(1-methylimidazol-2-yi)-{-hydroxyethane-1,1-diphos-
phonic acid monohydnite of m.p. 261* C. (dec.), and
salts thereof, e.g. sodium salts, The starting l-ben-
zylimidazol-2-acetic acid hydrochloric acid, m.p.
124°-125° C,, can be obtained in a manner similar to that
described in Example 2.

EXAMPLE 6

14.8 g (0.051 mole) of tetraethyl methanediphosphon-
ate are added dropwise to a suspension of 2.4 g of so-
dium hydride in 35 mi of absolute tetrahydrofuran, and
the reaction mixture is stirred at room temperature until
the evolution of gas has ceased. Then 11.3 g (0.0465
mole) of 1-benzyl-2-chloromethylimidazole hydrochlo-
ride are added in portions. With stirring, the reaction
mixture is heated under reflux for 20 hours to the boil.
Precipitated sodium chloride is then removed by filtra-
tion and the filtrate is concentrated by evaporation
under reduced pressure to give crude tetraethyl (1-ben-
zylimidazol-2-yimethyl)methanediphosphonate. 3.0 g
(0.065 mole) of tetracthyl (l-benzylimidazol-2-ylme-
thyl)-methanediphosphonate and 12 ml of 36% hydro-
chloric acid are heated under reflux for 20 hours to the
boil. The reaction mixture is then concentrated by evap-
oration and the residue is crystsllised from aqueous
methanol, to give 2-(1-benzylimidazol-2-yhethane-1,1-
diphosphonic acid monohydrate of m.p, 181°-183" C.
Yield: 80% of theory.

EXAMPLE 7

Following the procedure of Example 6, reaction of
I-methyl-2-chloromethylimidazole hydrochloride, 1-
methyl-5~chloromethyl-1H-1,2 4-triazole  hydrochlo-
ride, and 2-chloromethylthiazole hydrochloride to the
corresponding tetracthyl ethanediphosphonates and
subsequent ester cleavage with trimethylbromosilane in
the described manner affords: 2-(1-methylimidazol-2- 65
ybhethane-1,1-diphosphonic acid, m.p. 295" C. (dec.),
2-(L-methyl-1H-1,2,4-trizzol-S-ylethane-1,1-diphos-
phonic acid, m.p. 274°-275" C., 2-thiazol-2-yl)ethane-
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1,1-diphosphonic acid, m.p. 259* C. (dec.), and sslts
thereof, ¢.g. disodium salts, and hydrates.

The starting  l-methyl-5-chloromethyl-1H-1,2,4-
triazole hydrochloride can be prepared as follows: 11.1
g (0.10 mole) of 5-hydroxymethyl-1-methyl-1H-1,2,4-
triazole are dissolved in 25 ml of dichloromethane.
While cooling with ice and with stirring, 29.7 g of thio-
nyl chloride are added dropwise. The reaction mixture
is then stirred for 1 hour at room temperature and there-
after for 20 minutes at boiling terperature under reflux.
The precipitate is filtered with suction, washed with
dicthyl cther and vacuum dried. Melting point:
136°-137° C,

EXAMPLE 8

The procedure of Example 1 is repeated, starting
from l-imidazolescetic acid hydrochloride, 1-(1H-1,2,4-
triazole)acetic acid hydrochloride and 1-pyrazoleacetic
acid hydrochloride, to give the following compounds:
2-{imidazol-1-yl)-1-hydroxyethane-1,1-diphosphonic
acid, m.p. 239* C. (dec.), 2«(1H-1,2,4+triazol-1-yl)-1-
hydroxyethane-1,1-diphosphonic acid, m.p. 255° C.
{dec.) and 2-(pyrazol-1-yl}-1-hydroxyethane-1,1-diphos-
phonic acid, m.p. 234" C. (dec.).

EXAMPLE 9

3.3 g (0.0072 mole) of tetraethyl 2-(benzylimidazol-2-
yDethane-1,1-diphosphonate are dissolved in 50 ml of
liquid ammonia and, with stirring, 1.0 g of sodium is
added gradually in small portions until the blue colour
of the solution is maintained for some time, Then 2.35 g
of ammonium chioride are added in portions. The am-
monia is then removed by evaporation, the residue is
taken up in diethyl ether, the solution is filtered and the
filtrate is concentrated by cvaporation, alfording tetra-
cthyl 2-(imidazol-2-yl)ethane-1,1-diphosphonate as a
colourless oil.

2.3 g (0.0062 mole) of tetraethyl 2-(imidzol-2-yle-
thane-1,1-diphosphonate are dissclved in 20 mi of meth-
ylene chloride. To the solution are added 4.8 ml of
trimethylbromosilane and the reaction mixture is al-
lowed to stand for 24 hours at room temperature and
then concentrated by evaporation under reduced pres-
sure. The residue is crystallised from 10 ml of methanol
and 1 mil of water, to give 2(imidazol-2-yDethane-1,1-
diphosphonic acid of m.p. 279°-282" C. {dec.).

EXAMPLE 10

With stirring and umder reflux, 8.6 g (0.053 mole) of
imidazol-1-ylacetic acid hydrochloride, 7.1 mi of 85%
phosphoric acid and 25 ml of chlorobenzene are heated
to 100° C. Then 13.9 ml of phosphorus trichloride are
added dropwise at 100° C., whereupon evolution of gas
occurs. Qver the course of 30 minutes a dense mass
precipitates from the reaction mixture. The batch is
heated for 3 hours to 100° C. and the supernatant chlo-
robenzene is removed by decantation. The residual
viscous mass is heated for 3 hours to the boil, with
stirring and under reflux, with 40 ml of 9N hydrochloric
acid. The batch is then filtered hot with the addition of
carbon and the filtrate is diluted with acstone, where-
upon the crude 2-(imidazol-1-yl)-1-hydroxyethane-1,1-
diphosphonic acid precipitates. This product is recrys-
tallised from water. Melting point: 239° C. (dec.). Yield:
41% of theory.
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EXAMPLE 11

The procedure of Example 9 is repeated, starting
from tetraethyl 2«(pyrazol-1-ylethane-1,1-diphosphon-
ate and tetraethyl 2-<(imidazol-1-yl)ethane-1,1-diphos- §
phonate. Treatment with trimethylbromosilane and
working up with aqueous methanol gives 2-(pyrazol-1-
ybethane-1,1-diphosphonic acid, m.p. 227° C. (dec.),
and 2-(imidazol-1-ylkthane-1,1-diphosphonic acid, m.p.
255" C. (dec.).

The starting esters can be prepared e.g. as follows:
0.10 g of sodium hydride is suspended in 4.0 m] of abso-
lute tetrahydrofuran. A solution of 0.27 g (0.04 mole) of
pyrazole in 2.0 ml of tetrahydrofuran is slowly added
dropwise and to the clear reaction solution are added
1.2 g of tetraethyl vinylidenediphosphonate and the
reaction mixture is kept for 24 hours at room tempera-
ture. Then 2 mi of 2N ethanoclic hydrochloric acid are
added. Precipitated sodium chloride is removed by

filtration and the filtrste is concentrated by evaporation. 20

EXAMPLE 12
The procedure of Example 10 is repeated, starting
from 0.05 mole of 4H-1,2,4-triazol-2-ylacetic acid, to
give
diphosphonic acid of m.p. 255° C. (dec.) and salts
thereof, e.g. disodium salts.

EXAMPLE 13

Reaction of (imidazol-1-ylmethyl) p-toluenesulfonate 30

with tetraethyl methanediphosphonate and hydrolysis
of the primary ethanediphosphonate in accordance with
Example 2 gives 2-(imidazol-1-yl)ethane-1,1-diphos-
phonic acid of m.p. 255° C. (dec.) and salts thereof, e.g.
the disodium salt.

EXAMPLE 14

Following the procedure of Example 3, 1-benzyl-2-
carboxymethylimidazole hydrochloride of mup.

124°-125° C. is obtained from l-benzyl-2-cyanome- 40

thylimidazole.

Following the procedure of Example 10, 2-(1-ben-
zylimidazol-2-yl)-1-hydroxyethane-1,1-diphosphonic
acid of m.p. 171" C. {dec.) is obtained from 1-benzyl-2-
carboxymethylimidazole hydrochloride, 45

EXAMPLE 15

3.4 g (0.0094 mole) of 2-(1-benzylimidazol-2-yI)-1-
hydroxyethanediphosphonic acid are dissolved in 40 ml
of liguid ammonia and then 1 g of sodium is added
gradually, with stirring, in small portions until the blue
colour of the solutior is maintained for some consider-
able time. Then 2.35 g of ammonium chloride are added
in portions. The ammoria is then removed by evapora-
tion, the residue is taken up in 20 mi of hot water, the
solution is filtered and then 10 ml of concentrated hy-
drochloric acid are added to the filtrate. The precipi-
tated crystals are isolzsted by filtration and recrystallised
from aqueous methanol, to give 2-(imidazol-2-y})-1-

hydroxyethanediphosphonic acid of m.p. 235° C. (dec.). 60

EXAMPLE 16

3.59 g (0.01 mole) of 1-amino-2-(1-benzylimidazol-2-
yl)ethane-1,1-diphosphonic acid are dissolved in 20 ml
of IN sodium hydroxide solution, 0.82 g of sodium 65
nitrite is added, and the solution is cooled to 0* C. With
stirring, 18 ml of 2N hydrochloric acid are slowly
adided dropwise. Stirring is continued for 1 hour at

i0
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2+(4H-1,2,4triazol4-y])-1-hydroxyethane-1,1- 25
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14
0°-10* C. and the precipitated product is isolated by
filtration. Recrystallisation from water gives 2-(1-ben-
zylimidazol-2)-1-hydroxyethane-1,1-disphosphonic acid
of m.p. 171* C. (dec.).

EXAMPLE 17

In accordance with the procedures described in Ex-
amples 1 to 16 it is also possible to prepare 2-[2-
methylimidazol-4(5)-yl]-1-hydroxy-ethane- 1, 1-diphos-
phonic acid, m.p. 261°-262° C (dec.); 2-[2-
phenylimidazol-4(5)-yl}-1-hydroxy-ethane-1,1-diphos-
phonic acid, m.p. 223°-224° C; 2-(4,5-dime-
thylimidazol-1-yl)-1-hydroxyethane-1,|-diphosphonic
acid, m.p. 251°-252* C,, and 2-(2-methylimidazol-1-yl)-
1-hydroxyethane-1, 1-diphosphonic acid, m.p. 245°-246°
C. (dec.), and salts thereof, e.g. disodium saits,

EXAMPLE 18

With stirring and under reflux, 11.95 g of 2-
phenylimidazol-4-ylacetic acid hydrochloride, 7.1 mi of
85% phosphoric acid and 25 ml of chlorobenzene are
heated to 100° C. Then 13.9 mi of phosphorus trichlo-
ride are added dropwise at 100° C., whereupon evolu-
tion of gas occurs. Over the course of 30 minutes a
dense mass precipitates from the reaction. mixture. The
batch is heated for 3 hours to 100° C.and the superna-
tant chlorobenzene is removed by descantation. With
stirring and under reflux, the residuai viscous mass is
heated to the boil for 3 hours with 40 ml of 9N hydro-
chioric acid. The batch is filtered hot with the addition
of carbon and the filltrate is diluted with acetone, where-
upon the crude 2-(2-phenylimidazol-4-yl)-1-hydroxy-
ethane-1,1-diphosphonic acid precipitates. This product
is recrystallised from water, yielding the sesguihydrate
of m.p. 223°-224" C.

EXAMPLE 19

10 ml of 2N aqueous sodium hydroxide solution are
added, with stirring, to a suspension of 3,36 g of 2-(2-
phenylimidazol4-yll)-1-hydroxy-cthane-1,1-diphos-
phonic acid in 10 ml of water. The resulting solution is
evaporated to dryness. The residue is triturated with 40
ml of methanol. The crystalline precipitate formed is
filtered off and dried yielding disodium 2-(2-
phenylimidazol-4-yl)-1-hydroxyethane-1,1-diphosphon-
ate-dihydrate m.p. 281°~283° C. (dec.)

EXAMPLE 20

In an analogous manner as described in Example 19,
the following disodium salts can be prepared: disodium
2-(2-methylimidazoll-4-yl)-1-hydroxy-ethane-1,1-
diphosphonate-monochydrate, m.p. 292°-295* C. (dec.);
disodium 2-(2-methylimidazol-1-y})-1-hydroxy-ethane-
1,1-diphosphonate-dihydrate, m.p. 295-297* C. (dec.);
disodium 2-{4,5-dimethylimidazol-1-yl)-1-hydroxy-
ethane-1,1-diphosphonate-dibydrate, m.p. 286°-290° C.
(dec.); disodivm 2-(imidazol-1-yl}-1-hydroxy-ethane-
1,1-diphosphonate-dihydrate, m.p. 291°-293°* C. (dec.)
and disodium 2-(pyrazol-1-yl)-1-hydroxy-ethane-1,1-
diphosphonate-monohydrate, m.p. > 300" C. (dec.).

EXAMPLE 21

A solution of 0.121 g of tristhydroxymethyl)methyla-
mine in 2 ml of water is added to a solution of 0.141 g of
2-(imidazol-1-yl)-i-hydroxy-ethane-1, l-diphosphonic
acid in 1 mi of water. The resulting solution is concen-
trated by evaporation in vacuo and tritarated with 6 ml
of warm methanol. After cooling, a cristalline precipi-
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tate is formed which is filtered off and dried for 1 hour
in vacuo at 80" yielding pure mono-tris(hydroxyme-
thyymethylammonium  2-(imidazol-1-yl)-1-hydroxy-
ethame-1,1-diphosphonate of m.p. 170°~175",

EXAMPLE 22

In an analogous manner as described in Example 21
the following tristhydroxymethyl)methylammonium
salts can be prepared: ditristhydroxymethyl)methylam-
monium 2<(imidarol-4-yl}-1-hydroxy-ethane-1,1-
diphosphonate, m.p. 116'-117* C. {dec.); di-tris(thydrox-
ymethylmethylammonium  2-(4,5-dimethylimidazol-1-
yl-1-hydroxy-ethane-1,1-diphosphonate-monohydrate
m.p. 110°-113° C. (dec.); di-tristhydroxymethyl)me-
thylammonium  2-(S-mzthylimidazol-d-yl)- I-hydroxy-
ethane-1,1-diphosphonate, m.p. 122°-126" C. (dec.) and
di-tris(hydroxymethyl)methylammonium 2-(1-ben-
zylimidazol-1-yl)-1-hydroxy-ethane-1,1-diphosphonate-
monchydrate, m.p. >30)" C. (dec.).

EXAMPLE 23
Tablets containing 100 mg of active ingredient, e.g.
2-(imidazol-4-yl)-1-hydroxyethane-1,1-diphosphonic
acid or a salt thereof, e.g. the disodium salt, can be

20
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Procedure

All solid ingredients are first sieved through a sieve
having a mesh size of 0.25 mm. The marnnitol and lac-
tose are mixed, the mixture is granulated while adding
gelatin solution, sieved through a sieve having a mesh
size of 2 mm, dried at 50° C. and once more sieved
through a sieve having a mesh size of 1.7 mm. The
active ingredient, glycine and saccharine are carefully
mixed, then the mannitol, lactose granulate, stearic acid
and the talcum are added. All the ingredients are thor-
oughly mixed and compressed to lozenges having 2
diameter of about 10 mm which are concave on both
sides and provided with a breaking notch on the top-
side,

In like manner, lozenges containing 75 mg of another
compound of formula I obtained in Examples 1-22 can
also be prepared, which compounds can also be in the
form of salts with bases, e.g. the sodium salt.

EXAMPLE 25
Tablets containing 10 mg of active ingredient, e.g.
2-(imidazol-4-yl)-hydroxyethane-1,1-diphosphonic acid
or a salt thereof, e.g. the disodium salt, can be prepared

prepared as follows: 25 a5 follows:
Composition (for 100 :ablets) Composition (for 1000 tablets)
active ingredient 1000 g active ingredient W0og
factose 1000g 30 iactose 1157 ¢
corn starch 410¢ corn starch N5g
magnesium stearate 30g polyethylene glycol 6000 50¢g
talcum 50g
magnesium stearate 40g
Procedure . demineralised watex q.5.

All the solid constituents are sieved through a sieve
having a mesh size of 0.6 mm. The active ingredient is
then mixed with lactose, talcum, magnesium stearate
and half of the starch in 2 suitable mixer. The other half
of the starch is suspended in 40 ml of water and the
suspemsion is added to a boiling solution of polyethene
glycol in 100 ml of water. The resultant mixture is gran-
ulated, if necessary with the further addition of water.
The granulate is dried ovemnight at 35* C., sieved
through a sieve having a mesh size of 1.2 mm, and com-
pressed to tablets of 6 mm diameter which are concave
on both sides,

In like manner, tablets each containing 100 mg of
another compound of formula I obtained in Examples
1-22 can also be prepared which compounds may also
be in the form of salts with bases, e.g. as sodium salt.

EXAMPLE 24

Lozenges containing 75 mg of active ingredient, ¢.g.
2-(imidazol-4-y)-1-hydroxyethane-1,1-diphosphonic
acid or a salt thereof, e.g. the disodium salt, can be
prepared as follows:

- Composition {for 100 tablets)
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Procedure

The solid constituents are sieved through a sieve
having a mesh size of 0.6 mm. The active ingredient is
then mixed with lactose, talcum, magnesium stearate
and half of the starch in a suitable mixer. The other half
of the starch is suspemded in 65 ml of water and the
suspension is added to a boiling solution of polyethene
glycol in 260 ml of water. The resultant paste is added
to the powders and granulated, optionally with the
further addition of water. The granulate is dried over-
night at 35* C,, sieved through a sieve having a mesh
size of 1.2 mm, and compressed to tablets of 10 mm
diameter with a breaking notch on the topside and
which are concave on both sides.

In like manner, tablets containing 10 mg of another
compound of formula I obtained in examples 1-22 can
also be prepared, which compounds can also be in the
form of salts with bases, e.g. the sodium salt.

EXAMPLE 26
Hard gelatin capsules containing 100 mg of active
ingredient, ¢.g. 2-(imidazol-4-yl)-1-hydroxyethane-1,1-
diphosphonic acid or a salt thereof, ¢.g. the disodium

&0 . .
active impredion Tos salt, can be prepared as follows:
mannpitot 2300¢g
i::z: sg?g g Composition (for 1000 capsules)
glycine 125¢ active ingredient 350.0 g
stearic acid 100 g 65 microcrystalline cellulose 3008
saccharine 15g sodium lauryl sulfate l0g
$% gelatin solution q.s. magnesium stearate 80¢g
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The sodium lauryl sulfate is sieved through a sieve
having a mesh size of 0.2 mm and added to the active
ingredient (yophilised) and both components are inti-
mately mixed for 10 minutes. Then the microcrystalline
cellulose is sieved through a sieve having a mesh size of
0.9 mm, added to the sbove mixture, and the ingredients
are intimately mixed for 10 minutes. Finally, the magne-
sium is sieved through a sieve having a mesh size of 0.8
mm, added to the mixsture, and all the ingredients are
mixed for 3 minutes, Size 0 hard gelatin capsules (elon-
gated) are filled with 390 mg of this mixture.

1n like manner, capsules containing 100 mg of another
compound of formula I obtained in Examples 1-22 can
also be prepared, which compounds can also be in the
form of salts with bases, e.g. the disodium salt.

EXAMPLE 27

A 0.2% injection orinfusion solution can be prepared
e.g. as follows:

active ingredient, e.g. 2{imidazol-4-yl)-1- 50g
hydroxyethane-1,1-di-phosphonic acid or &

salt thereof

sodium chloride NS5 g
phosphate buffer (pH = 7.4) 3000 g
demineralised water to make up 25000 mi

The active ingredient is dissolved in 1000 ml of water
and filtered through a microfilter. The buffer solution is
added, followed by the addition of water to make up
2500 ml. To prepare dosage unit forms, 1.0 or 2.5 ml of

20

25

30

35

45

50.

35

65
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the solution are filled into glass ampoules (each contain-
ing 2.0 or 5.0 mg of active ingredient).
What is claimed iis:
1. A heteroarylalkanediphospbonic acid of the for-
mula
POH,
Rl"'Cﬁz'-?"R?z.
POsH;

m

wherein R denotes an l-imidazolyl or 2-(1-methyl-
Jimidazolyl radical and R; represents hydroxy, or a salt
thereof.

2. A compound as claimed in claim 1 being 2-
(imidazol-1-yl)-1-hydroxy-cthane-1,1-diphosphonic
acid or & salt thereof.

3. A compound as claimed in claim 1 being 2-(1-
methylimidazol-2-yl)-1-hydroxyethane-1,1-diphos-
phonic acid or a salt thereof.

4. A pharmaceutical composition for the treatment or
prophylaxis of diseases associated with impaired cal-
clum metabolism, containing a therapeutically effective
amount of a compound claimed in cldm 1 in the free
form or in a pharmaceutically acceptable salt form,
together with conventional pharmaceutical carriers.

5. A method of treating diseases associated with im-
paired calcium metabolism which comprises administer-
ing a therapeutically effective amount of a compound
claimed in claim 1 in the free form or iz a pharmaceuti-
cally acceptable salt form to & warm-blooded animal in
need thereof.
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The data shown below is from the records of the Patent and Trademark Office. If the maintenance fees
and any necessary surcharges have been timely paid for the patents listed below, the notation "PAID" wilt
appear in column 11, "STAT" below.

If a maintenance fee payment is defective, the reason is indicated by code in column 11, "STAT" below. TIMELY
CORRECTION IS REQUIRED IN ORDER TO AVOID EXPIRATION OF THE PATENT. NOTE 37 CFR 1.377. THE PAYMEM
ENTERED UPON RECEIPT OF ACCEPTABLE CORRECTION. IF PAYMENT OR CORRECTION {8 SUBMITTED DURING
THE GRACE PERIOD, A SURCHARGE IS ALSO REQUIRED. NOTE 37 CFR 1.20(k} and ().

If the statement of small entity status is defective the reason is indicated below in column 10 for the related patent number.
THE STATEMENT OF SMALL ENTITY STATUS WILL BE ENTERED UPON RECEIPT OF ACCEPTABLE CORRECTION.

ITEM PATENT FEE FEE SUR SERIAL PATENT FILE PAY SML STAT
NBR NUMBER CbE AMT CHARGE NUMBER DATE DATE YR ENT

1 4,939,130 184 2100 ---- 07/315,962 07/63/90 02/27/8%9 08 NO PAID

ITEM ATTY DKT
NBR NUMBER
1 416180C1P
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